Aims To determine the role of inferior meatus pathologies as an underdiagnosed cause of epiphora. Methods This study was conducted in the oculoplastic institution of Tel Aviv medical center-a regional referral center. A retrospective review of files of patients presenting to the lacrimal clinic with nasolacrimal duct obstruction between October 2010 and September 2016. Cases in which a pathology of the inferior meatus was identified and treated are presented in this article.
Introduction
Nasolacrimal duct obstruction (NLDO) is a common cause of epiphora. The most common cause of primary NLDO is chronic inflammation and fibrosis [1] . Secondary causes of NLDO are less common and diagnosis may require a more extensive workup. Correct diagnosis of the obstruction site and its nature is essential for choosing a treatment plan and a surgical approach [2] . Recent reports suggest that obstructions of Hasner's valve (inferior meatus, IM) are significantly more common in adults than previously appreciated [3] [4] [5] [6] . In this paper, we will describe a wide variety of pathologies of the IM that represent our experience and offer a diagnostic approach for future cases.
Materials and methods
This study was approved by the institutional Helsinki review board. Patients with symptomatic epiphora and a suspected NLDO were referred to our multi-disciplinary lacrimal clinic between October 2010 and September 2016. At the clinic, examination by an oculoplastic specialist and an otorhinolaryngology specialist were performed. Evaluation included slit-lamp microscopy, nasolacrimal syringing, and endoscopic evaluation of the nasal cavity. In selected cases the IM was visualized prior to surgery. In this manuscript we have included all patients who were diagnosed and treated for a pathology of the IM during this time These authors contributed equally: Dvir Koenigstein, Ran Ben Cnaan.
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Dvirkk@gmail.com frame. Data gathered from the medical records were: age, sex, medical and ocular history, details from ocular and endoscopic examination. Patients' surgical records and imaging exams were also reviewed. All patients underwent surgical intervention in the operating room under general anesthesia. Irrigation of the nasolacrimal duct (NLD) was performed using a 21-guage lacrimal cannula and a diluted fluorescein solution. We conducted an endoscopic evaluation of the nasal cavity and of the IM. Surgical procedure varied according to the pathology found in the IM. All surgeries were concluded with a repeated irrigation of the NLD demonstrating free passage to the nasal cavity. Follow-up was performed in the outpatient clinic. Patients also completed a telephonebased questionnaire assessing current symptoms of epiphora.
Results
During this time frame, we preformed 186 endoscopic DCR surgeries. Out of those, eight patients (4.3%) were diagnosed and treated for pathology causing an obstruction of the IM. Demographics and clinical data are shown in Table 1 . Three patients had a cyst obstructing the IM. Three had an obstructive membrane, two had severe septal deviation, two had concheal hypertrophy causing obstruction, and two had a dacryolith. Seven of our patients were females; the mean age was 24 years (range 15-36). The pathology was diagnosed in the right eye in two cases and left eye in the remaining six. Only patient number 8 had a prior history of nasal trauma. In four patients (50%), we recognized more than one pathology leading to obstruction of the IM. All patients were initially treated by endoscopic targeted surgery to resolve the obstruction at the IM. Septoplasty was performed on two patients with a coexisting nasal septal deviation. Four patients (50%) were left with a silicone intubation at the end of surgery. The average follow-up duration was 35 months (range 7-57) in which all but two patients had complete resolution of ocular symptoms. The two patients with persistent NLDO and epiphora underwent endoscopic DCR with complete resolution of symptoms.
Discussion
We describe a series of eight patients presented with NLDO and epiphora due to a diverse set of pathologies effecting the IM. Three cysts, three obstructive membranes, two severe septal deviations, two concheal hypertrophies, and two dacryoliths. To date, no large series reported dacryoliths and membranes obstructing the IM and previous reports of other IM pathologies were confined to case reports [3] [4] [5] [6] [7] [8] .
Previously published series suggest that nasal mucosa hypertrophy and septal deviation are common causes for NLDO [5, 6] . While these were common findings in our cases series too (37.5%), we have found that it often coexists with other pathologies of the IM. Multiple pathologies might be accidental or have cause and effect relation between them. Failure to address both pathologies may leave the patient symptomatic as was suggested by Chan et al. [9] .
Membranes obstructing Hasner's valve are the most common cause of primary congenital NLDO. More than 90% of the cases resolve spontaneously within the first year of life [10] . Nonetheless, we have found three such cases in adult patients (37.5%). This finding is seldom found in adults and there are only a few similar reports in the literature. A question remains whether these obstructions represent a congenital malformation that become symptomatic later in life, or a secondary fibrotic process.
Similarly, nasolacrimal duct cysts and dacryoceles are considered congenital abnormalities of the NLD, and are usually diagnosed early in infancy. Such pathologies are possibly more common in adults than previously thought, as seen in our series and some other recent publications [3] [4] [5] [6] [7] .
Dacryoliths ( Fig. 1 ) are quite common in the lacrimal sac and are found in 5.7-18.3% of DCR surgeries [11] . Not many publications describe an obstruction of the IM by a dacyolith [5] . Risk factors for dacryolith formation include young age, female gender, smoking, and a history of dacryocystitis. Dacryoliths are composed of cellular derbies, proteins, calcium, ammonium, and other materials, and endoscopic extraction often brings instant relief and spares the need for any further surgical intervention as described in case number 1 [8, 12, 13] .
Tumors of the lacrimal sac and duct are rare but should not be overlooked. While the most common neoplasm of the lacrimal sac is squamous cell carcinoma, an obstruction of the IM by a hypertrophic lymphoid tissue has been previously described [5] . We have found no tumors in our series.
In this case series, patients were predominantly females with an average age significantly younger than in previously published case series [5, 6] . This could be a result of a selection bias in our clinic: young patients with NLDO were evaluated with a higher index of suspicion leading to a more meticulous evaluation of Hasner's valve.
Three patients had an incomplete obstruction, with only partial passage of irrigation with some degree of reflux. The assessment of the degree of reflux in those cases is problematic and inaccurate. Though some passage existed and the NLD was not completely obstructed, the clinical assessment along with the patients' signs and symptoms indicated surgical intervention.
Seven out of eight (87%) patients in our series were referred for a computed tomography or magnetic resonance imaging (MRI) as part of their pre-operative evaluation. Although Golan et al. [2] have shown the importance of imaging in NLDO patients, it is not routinely preformed in our clinic, and it is reserved for atypical cases, usually in young patients.
Comparing patient 2 with patient 3 highlights the complexity of coexisting pathologies and the importance of imaging in selected cases. Both are young females with symptomatic epiphora. On imaging, both had a significant dacryocele and had successful endoscopic removal of an IM pathology: a cyst (patient 2) and a membrane (patient 3). Patient 3 remained symptomatic, possibly due to stenosis of the distal NLD that was noted in the pre-operative MRI: dilated NLD of patient 2 seen in Fig. 2 as opposed to the stenotic NLD of patient 3 seen in Fig. 3 . Therefore, the patient was scheduled for an endoscopic DCR after which symptoms resolved completely. Integration of different modalities together with meticulous patient selection may decrease failure rates, by eliminating such cases where surgical manipulation of the IM may not suffice and DCR may be a preferable surgical approach.
A pre-operative endoscopic diagnosis of IM pathologies is preferred for optimal planning of surgical treatment. However, such examination should include medial concheal deflection and should be conducted under local anesthesia with de-congestion of the nasal cavity. Though recommended, it is especially difficult in young patients and not Fig. 1 Patient 1-A 22-year-old patient was referred to our clinic due to complaints of constant epiphora in the left eye and a history of dacryocystitis. Endoscopic DCR was scheduled, during which a mild swelling near the inferior meatus was noticed. Dilatation of Hasner's valve revealed a large lacrimal dacryolith. The dacryolith was extracted endoscopically and the DCR was aborted always possible in the clinic. In such cases a basic endoscopic examination of the nasal cavity should be initially performed, with a more profound endoscopic examination at the beginning of surgery including a meticulous examination of the IM.
The reported success rate of endoscopic DCR surgeries is 85-90% [14] [15] [16] . Endoscopic treatment of the IM brought relief to six out of the eight reported patients (75%), which represent 3.2% of the 186 DCR surgeries performed during the study's time frame. This number is similar to previously published data by Pedram et al. who found a success rate of about 70% in a similar case series [6] . A possible explanation may be in the finding of multiple pathologies affecting the NLD, in particular, septal deviation and inferior concheal hypertrophy, as were seen in three of our patients. Although all eight patients could have been managed successfully with standard DCR, targeted endoscopic management of the IM pathologies has only slightly less favorable success rate, possibly because of our small cohort, and it constitutes a less invasive procedure with fewer associated morbidities and less discomfort for the patient.
Due to the small number of patients in our series, it is not possible to assess the effect of silicone intubation in such cases. This may be the basis to future studies regarding intubation usage. In addition, although all cases described above were treated under general anesthesia, we believe that selected cases could have been done as an office procedure avoiding the costs and complications of general anesthesia.
Conclusions
A pre-operative and intra-operative endoscopic evaluation of the nasal cavity and IM as part of NLDO workup should be considered for patients intended to undergo endoscopic DCR, especially in young patients. Endoscopy not only serves as a diagnostic tool, but may also allow a DCR sparing targeted treatment.
Summary
What was known before • Inferior meatus obstruction is an underdiagnosed cause of epiphora. Multiple pathologies may co-exist in the same patient. In select cases of NLDO, diagnosis and treatment can be done endoscopically, avoiding the need for dacryocystorhinostomy.
